T he application of exercise echocardiography to the detection and assessment of coronary artery disease (CAD) was facilitated initially by the development of the postexercise technique where images of the left ventricle were obtained before and immediately after treadmill exercise.12 The increase in popularity of exercise echocardiography, however, occurred with the development of digital image acquisition and cine-loop playback that provided side-by-side comparisons of rest and exercise images. [3] [4] [5] [6] The ranges of sensitivity and specificity reported for exercise echocardiography have been comparable to those of 201fl single-photon emission computed tomography (SPECI).1-4,7-10 Although one technique evaluates myocardial perfusion and the other ventricular diography can detect reversible ischemia, distinguish ischemia from fixed resting abnormalities, and identify regions supplied by specific coronary vessels. Importantly, both techniques have been shown to have diagnostic accuracy superior to that of exercise ECG2A4,0 and may therefore have similar applications in the evaluation of patients with CAD. The present study was designed to prospectively See p 1217
compare the results of exercise echocardiography with those of 201T1 SPECT in a large patient population studied in a laboratory where the two techniques have been properly validated.2 '10 Methods The study population comprised 292 patients (195 men and 97 women; mean age, 57±8 years) referred for exercise 201T1 SPECT for the evaluation of known or suspected CAD. Fifty-two percent of the patients were receiving cardiac medication, with 90% of these consisting of fl-blockers, coronary vasodilators, or both. As a rule, medications were not discontinued before the test. The patients underwent symptom-limited maximal treadmill exercise using the Bruce protocol with continuous 12-lead ECG monitoring. Mean exercise duration was 7.5±+3.2 minutes. Peak exercise heart rate was 148±+23 beats per minute with maximal systolic and diastolic blood pressures of 162+ 24 and 84±14 mm Hg, respectively. Two thirds of the patients achieved a peak exercise heart rate of >140 beats per minute.
Exercise Echocardiography
Two-dimensional echocardiography was performed before exercise with the patient lying on the left lateral recumbent position and with the use of a phased-array sector scanner (model 77020A, Hewlett-Packard) and a 2.25-MHz transducer. Images of the left ventricle were obtained in the standard parasternal and apical views as previously described and recorded continuously on videotape.2 Immediately after termination of exercise, the patient resumed the left lateral recumbent position. Whenever possible, echocardiographic images of the left ventricle were obtained first from the apical window, rotating from the four-chamber to the two-chamber view, and then in the parasternal long-axis and short-axis views at the midpapillary muscle level. In patients with technically difficult apical views at rest, the parasternal images were recorded first. The first view was always obtained within 30 seconds after termination of exercise. The entire sequence of views was continuously repeated for 3 minutes and recorded on videotape.
All studies were analyzed on an off-line computerassisted station equipped with digital processing (model CAD 886, Microsonics). The physicians interpreting the echocardiograms were blinded to the SPECT, ECG, and clinical findings. Representative cycles of rest and postexercise images at comparable views were digitized at a frame rate of 33 frames per second for 16 frames and positioned side-by-side on a quadscreen format. The computer corrected the differences in heart rate so that when played continuously, the rest and postexercise cycles appeared to be at comparable rates.
The left ventricle was divided into anterior and inferior septum and anterior, lateral, and inferoposterior walls. Each wall was subdivided into a basilar, mid, and apical segment. For comparison with SPECT and angiography, segments were grouped into regions according to a specific coronary artery distribution. The anterior region consisted of the anterior wall and septum. The inferior region consisted of the inferior septum and inferoposterior wall, and the lateral region comprised the posterolateral and lateral walls.
Wall motion at rest was classified in each segment as normal, hypokinetic, akinetic, or dyskinetic using wellestablished and previously validated criteria that make use of both endocardial motion and wall thickening.2"1'
A similar classification was used after exercise with the addition of hyperdynamic motion. A de novo exerciseinduced segmental wall motion abnormality was defined as a change from normal at rest to hypokinesis or akinesis after exercise (or relative hypokinesis when adjacent segments were clearly hyperdynamic). Worsening of a resting segmental wall motion abnormality was defined as a change from hypokinesis to akinesis or contiguous segment within the distribution of the same coronary artery territory.
201T1 SPECT
At peak exercise, 3 mCi`01T1 was injected intravenously and flushed with a saline solution. The patient was asked to exercise for an additional 30 seconds. After completion of the echocardiographic recording, SPECT was performed using a large-field-of-view, single-crystal, rotating gamma camera (ARC 3000-3300, ADAC) equipped with a high-resolution, parallel-hole collimator with a septal length and thickness of 33 and 0.15 mm, respectively. Image acquisition was performed over a 1800 arc from the 450 left posterior oblique to the 450 right anterior oblique position, at 60 intervals, and for 40 seconds per image. Images were stored on a 2-gigabyte laser disc for analysis. Redistribution images were obtained 4 hours after exercise.
Transaxial reconstruction used a back-projection technique with a Butterworth (order: 5) high-pass filter with a low-pass window at a 50% cutoff. Reconstructed tomographic slices of 6-mm thickness were reoriented in the short, horizontal long, and vertical long axes and displayed sequentially to assess perfusion defects in the different walls of the left ventricle. Analysis of the scintigraphic images were performed by experienced observers unaware of the results of the echocardiographic study. As with the echocardiogram, the walls were grouped into vascular regions as follows: The anteroseptal, anterior, and anterolateral walls composed the anterior region; the inferior, posterior, and posteroseptal walls composed the inferior region; and the posterolateral and lateral walls composed the lateral region. Perfusion defects were visually analyzed for the presence of complete, partial, or no Exercise echocardiography detected more fixed abnormalities than SPECT (128 versus 84). Of 28 regions with a fixed wall motion abnormality and normal SPECT, 25 were inferior in location (24 of 25 had a significant lesion in the right coronary artery and/or ECG evidence of an inferior myocardial infarction). This contrasts with the other discrepancies between SPECT and echocardiography, which were evenly distributed among the three coronary regions. Of the 84 regions that demonstrated a fixed perfusion defect by SPECT, 26 (30%) had either normal resting wall motion (n =24) by echocardiography or resting hypokinesis that worsened with exercise.
Analysis ofAgreement by Overall Interpretation
The agreement between echocardiography and SPECT in the overall interpretation of test results is shown in Table 3 . Complete agreement was observed in 222 of the 289 patients (77%). Detection of an ischemic exercise response was greater by SPECT than by echocardiography (87 versus 54 patients). Most of the improved detection of ischemia by SPECI consisted of a partially reversible perfusion defect occurring within the same region of a fixed wall motion abnormality by echocardiography. In When used simply to detect the presence of CAD (i.e., positive versus negative result), exercise echocardiography and SPECT agreed in 88% of the patients studied. Interestingly, the disagreements were evenly distributed combined could improve the sensitivity for noninvasive evaluation of CAD. Although the primary objective of the present study was not to validate either test against angiography, the results obtained in the subgroup of patients who underwent coronary angiography were similar for the two tests and comparable to those previously reported by our laboratory and others.1-4 7-9 Sensitivity was improved slightly by the combined use of both tests at the expense of some decrease in specificity. It is possible that the sensitivity of SPECT may have been higher if quantitative techniques had been applied.10 However, these techniques were not available when the study was initiated.
In the patients in whom both tests were abnormal, analysis of the results demonstrated that the two tests almost always agreed as to the presence of an abnormality in one or more regions supplied by the same coronary artery. This finding corroborates the premise stated earlier that despite the fact that SPEC] evaluates relative perfusion and echocardiographic wall motion, the two tests detect abnormalities produced by stenotic coronary artery lesions within similar regions of the left ventricle. Furthermore, each test detected an equal number of abnormalities not detected by the other modality, suggesting that their combined use improves the evaluation of the extent of myocardial involvement by CAD.
Differentiation of Ischemia From Scar
In regions with normal wall motion at rest, detection of ischemia was slightly more frequent by SPECT than by echocardiography. On the other hand, in regions with resting wall motion abnormalities, ischemia was more apparent by SPECT, usually manifested as a partially reversible perfusion defect. Worsening of a resting wall motion abnormality with exercise has been shown to result from additional ischemia occurring in a region of a previous infarction1213 or purely from resting ischemia (i.e., hibernating myocardium), as suggested by recovery of function in these segments after successful angioplasty of the corresponding coronary artery.14 However, a wall motion abnormality that remains fixed after exercise has been commonly interpreted as indicative of a scar from a previous myocardial infarction. 23 More recently, reinjection of 1 mCi 20MT1 immediately after the 4-hour redistribution images has been suggested as an alternative to reimaging at 18-72 hours. 25 Enhanced uptake of thallium by this technique was observed in almost 50% of segments with fixed perfusion defects at 4 hours. This finding has correlated with redistribution at 24 hours and with evidence of glucose utilization by positron emission tomography.2526 In a small group of patients, reversibility of perfusion defects by reinjection at 4 hours has also been predictive of improvement in perfusion and function after coronary angioplasty.27 To date, however, there are no studies relating the presence or absence of late reversibility of perfusion defects with the type of wall motion abnormality occurring with exercise.
An interesting observation in the present study was a greater detection of fixed resting abnormalities by exercise echocardiography than by SPECT. This increased sensitivity was more noticeable in the inferior wall and consisted primarily of a discrete wall motion abnormality in the basilar segment. This finding was highly specific for significant coronary artery stenosis in the corresponding vessel or for a previously documented
In conclusion, exercise echocardiography and SPECT frequently agree in the detection of regional abnormalities indicative of CAD with comparable sensitivity. The choice of one test over the other may depend on availability, cost, level of expertise by the local laboratory, and, most important, the specific diagnostic information required. In selected patients, the combined use of exercise echocardiography and SPECT may enhance the assessment of the extent of myocardial involvement and assist in distinguishing viable from nonviable myocardium and thus help select patients who may benefit from coronary revascularization.
